Summary. In 2 clinical studies in 40 conscious human volunteers and 164 orthopedic patients histamine-release responses were diagnosed, defined and classified. Polygeline (Haemaccel) in its now outdated formulation [40] was chosen as a clinical histamine releaser. The main interest was not concentrated on the extreme, the "classical" anaphylactic response, but on the average histamine-release response found in clinical experiments with so many drugs in the last 10 years.
Summary. In 2 clinical studies in 40 conscious human volunteers and 164 orthopedic patients histamine-release responses were diagnosed, defined and classified. Polygeline (Haemaccel) in its now outdated formulation [40] was chosen as a clinical histamine releaser. The main interest was not concentrated on the extreme, the "classical" anaphylactic response, but on the average histamine-release response found in clinical experiments with so many drugs in the last 10 years.
In human volunteers 600 ng/kg histamine was i.v. injected. Indicants for a systemic anaphylactoid reaction with the highest incidence ratio were tachycardia, plasma histamine levels > t ng/ml, "metallic taste", flush, congestion of head, "wet eyes" and tears, hypertension and headache. Following polygeline none of these subjects developed a life-threatening reaction, but 12 showed a systemic response, 11 a cutaneous reaction and 17 were non-responders. Indieants for a systemic anaphylactoid reaction with the highest incidence ratio were plasma histamine levels > 1 ng/ml, tachycardia, wheals, sensation of heat, narrowness of throat, hypertension, headache and wet eyes or tears.
In a prolective, cohort study in the orthopedic patients 3 subjects with life-threatening reactions, 27 with systemic response, 96 with cutaneous reaction and 38 non-responders were included. Indicants with the highest incidence ratio were tachycardia, plasma histamine levels > 1 ng/ml, erythema and wheals, cough, flush, stuffy nose and facial oedema. With this trial the indicants for diagnosing a systemic histamine release response in volunteers were validated in patients to a large extent.
Thus the average histamine-release response was defined by clinical signs such as tachycardia and mild hypertension, scattered hives such as spots of erythema and wheals, respiratory symptoms in the laryngeal and nasal region, such as cough, narrowness in the throat, stuff), nose and sneezing and by pathological plasma histamine levels (> 1 ng/ml), in addition histamine-release responses were differentiated as cutaneous responses, systemic responses and life-threatening responses by clinical and operational criteria and by plasma histamine levels. Using clinical trials and medical
Introduction
Before reliable and practicable [20] histamine assays in human plasma became available for routine use [4, 26, 27] a histamine-release response to drugs could not be estimated in clinical conditions with an acceptable accuracy [9, 10, 28, 29, 34, 36, 45, 51, 58, 62] . But even one decade after the discovery of H2-receptor antagonists [5] and the development of these highly sensitive and specific asays [4, 26] histamine was still not generally recognized as an important mediator of any pathological and clinical phenomenon [63] . It was something of a paradigm [22a] not to assign any distinct function to this biogenie amine -neither qualitatively nor quantitatively [13] .
In the labyrinth of intricate views on histamine this disappointing situation could be amended by only step by step. A very early, necessary and urgent one was to establish the diagnosis of the histamine-release response to an individual drug in clinical conditions, especially in anaesthesia and surgery where so many histamine-releasing drugs are routinely administered intravenously [39] . The main interest in this study therefore was not concentrated on the extreme, the "classical anaphylactic" response, but on the average response which was found in clinical experiments with so many drugs during the last 10 years. Thus two aims were devised in this investigation:
(l) In conscious human volunteers clinical symptoms and plasma histamine levels were assessed after intravenous injection of histamine. A dose was chosen which increased the plasma histamine levels to such an extent as the average histamine-release response to drugs used in anaesthesia [28, 34] . In addition, the same subjects received one of the "clinical" histamine releasers, polygeline (Haemaccel) [29, 34, 39, 40 ) a short time after exogenous histamine. From all the findings a questionnaire with many items was developed to diagnose an average histamine-release response.
(2) Using these items in conscious orthopedic patients the clinical symptoms, biological reactions and plasma histamine levels were assessed which were elicited by Haemaceel, the same histamine liberator as used in the volunteers. By this study the set of indicants for diagnosing a histaminerelease response was validated. Parts of this very extended study have already been published in other journals [1, [35] [36] [37] [38] [39] [40] . The subject of this presentation, however, was not considered in the previous communications. [41] The aim of the study could not be achieved by a single technique (e. g. a single biochemical test). Among several approaches a de-
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(1) Was the drug really given or taken? The open circles represent test nodes, the plus or minus branches the preceding facts or findings which are necessary to establish finally the diagnosis. The tree structure was performed according to Lusted [43] . The small squares denote steps of the decision-making process (dead ends), not choice nodes as in a modified system of displaying the decision problem [68] . The arrows indicate the final outcome of a clinical or subclinical histamine-release response cision-making process was chosen for a first approximation which was illustrated by a decision tree (Fig. 1) . The designs of the two prospective studies in volunteers and patients payed regard to all the questions in this structure. The decision tree showed 4 paths and 3 outcomes comprising clinical, subclinical and indeterminable histamine-release response to an individual drug. Subclinical reactions were included since they were of considerable interest for a second drug exposure and other complications after surgery [66] . For the aims of the two clinical trials, however, the second path from the right was the most important one including symptoms, changes in plasma histamine content, no contamination with exogenous histamine, no other histamine releasers given and a highly inert solvent system. Since the final outcome (diagnosis of a clinical response) should depend mainly on findings obtained by the questions 2 and 3, the studies had to be conceived in such a way that the other information was obtained with the highest possible precision and accuracy.
To achieve this aim the following conditions numbered in agreement with the decision tree were chosen: (1) Exogenous histamine and the histamine releaser polygeline (Haemaccel) were given to the human subjects by a single investigator (author), to volunteers by B.G. and to patients by B.Sch. (2) Clinical signs were recorded by a single observer, too, in volunteers by W.L. and in patients by B,Sch. Thus observer variation within the trials could be avoided. Between the trials it was reduced by discussions in detail of all defintions of the various indicants by the observer in volunteers with the observer in patients [16, 43] .
In volunteers a dose of 600 ng/kg i.v. exogenous histamine was expected to produce plasma histamine levels similar to those of an average histamine-release response (pilot study in volunteers and in dogs [30] ). An injection was chosen because of pharmacokinetics more similar to histamine release than histamine infusion. The intravenous route corresponded to histamine release from the skin which is common for many histamine liberators [47] including Haemaccel [30] , To avoid tachyphylaxis and prolonged elevation of plasma histamine content exogenous histamine was applied be-.fore potygeline.
Polygeline was tested in a dose of 500 ml/3 rain in normovolaemic haemodiluation [34] since this design repeatedly has produced average histamine-release responses [28, [33] [34] [35] 54] . Hae-maccel as a plasma substitute was pure and chemically defined and could be administered in clinical conditions where no other drug, solvent or treatment interferes [34] . Histamine release by this drug was predominant [13, 35] i.e. no other mediator seemed to be of any importance in the reaction to polygeline [35] . Its incidence was sufficiently high in clinical situations and its mechanisms were reasonably uniform [39, 40, 56] .
In patients the infusion of 500 ml/10 min Haemaccel before operation was indicated for therapeutic reasons [62a] . This decision was made by clinicians responsible for the patients and not by those involved in the trial. The administration of polygeline in conscious patients, however, was utilized for this study since anaesthesia was considered to modify, but not in general to reduce the extent of the clinical reaction [46] .
(3) All plasma histamine assays were performed by a single technician who was not aware of the clinical reactions and received the plasma samples in a randomized sequence. The assays run under quality control using a mixed control plasma prepared from the patients of the trial in Heidelberg and control charts according to Levey and Jennings [24] .
(4) Polygeline was tested in several batches to obtain a random distribution of histamine-release responses over the manufacturing process. In none of the 4 batches administered to volunteers and patients could any histamine contamination be detected. In addition, the fluorescent material in polygeline [31] was shown not to interfere with the histamine assay using several tests of identification [32] . (5) Interference with other drugs was prevented by controlling meticulously the time before and after histamine and polygeline administration. Histamine release was considered as a sudden event with an explosive velocity of increment for plasma histamine levels [36] followed by a rather quick elimination (plasma t 1/z for i. v. injected histamine about 2 min, for histamine release about 5--10 min [30, 361. Thus in volunteers all subjects were systematically asked for any drug intake at the day of experiment by a single observer (W.L.) and 2 of them were excluded since this was the case. Following i.v. histamine injection 20 rain elapsed before polygeline was infused. Basal plasma histamine levels were again attained at this time (Fig. 5) .
In patients only elective surgery was accepted. The night before operation they received standard treatment (only nitrazepam and heptabarbitone). In the morning the premedication tbr anaesthesia started with the infusion of polygeline. Inovar (in Germany known as Thalamonal) and atropine, the other two components of the premedication were administered not prior than 30 min after the start of infusion which lasted not longer than 10 rain. Patients who needed additional drugs for treatment of concomitant diseases such as/~-adrenoceptor blocking drugs or digitalis received these compounds very early in the morning and not later than 2 h before starting the infusion of polygeline. (6) In clinical conditions none of these drugs was hitherto suspected to be a histamine releaser [36, 39] .
(7) Histamine was dissolved in saline and polygeline in a slightly modified Ringer solution which was shown not to release histamine [34] .
Ethical Just~cation. In volunteers informed consent was obtained in written form following an extensive discussion about the importance and necessity of the study, the experimental design and the risks of a histamine injection, blood donation and infusion of a histamine releaser. It was explained that at the time of the study (March 1976) no colloidal plasma substitute commercially available was entirely without risk of inducing an anaphylactoid response [34, 52, 54] . At the time of the study polygeline it its now outdated formulation ("classical polygeline" [40] ) had been given to patients all over the world for more than 10 years. Utmost safety was provided for each volunteer during the clinical experiment by at least 2 anaesthesists being present in the room all the S-M student of medicine, S-NM student not studying medicine, HS hospital staff, NtIS other professions, but not hospital staff (e. g. civil servant, engineer, photographer). Allergy in past = more than 9 months ago, allergy at present=from 9 months in the past until now. Previous infusion of plasma substitutes included 9 subjects who were included in previous trials (the last 2 years before)
time. All emergency equipment was in the room and ready for use. In addition, all volunteers were asked to inform the investigators the day after the experiment about their state of health. There was no complaint by any of them.
In orthopaedic patients no safer alternative treatment was available. The patients were informed about additional taking of blood samples for plasma histamine assays. Utmost safety was provided for each patient in the same way as for each subject in the volunteer study.
Time Schedule, Volunteers and Patients, Materials
The volunteer study was conducted in 40 subjects (Table 1) in Munich at March 8-13, 1976 . For this trial histamine dihydrochloride puriss. (Fluka, Buchs) was dissolved in sterile saline (2 mg/100 ml, University's pharmacy). Only 2.5-5 ml were injected to achieve a reliable bolus injection. -Polygeline (Haemaccel, Behringwerke Marburg) was infused in 4 batches (Op 3000 and 3812, V-235 and V-244) which were characterized in previous communications [31, 32, 34, 40] regarding their chemical and pharmacological properties. The 40 volunteers were assigned to 4 treatment groups (1 batch for one group) by a balanced random allocation with random digits. This part of the study was a double-blind trial [40] . The patient study was conducted in 164 subjects in Heidelberg from March 14, 1977 till January 12, 1978. They were selected from 600 patients in a controlled clinical trial [36, [38] [39] [40] who after prolective stratification comprised both sexes divided into 5 classes of age (20->60 years, 30 patients in each cell). The selection became necessary since the plasma histamine assays were too time-consuming and expensive to be carried out in all patients. The procedure for selection is shown in Table 2 : (1) In all participants of the trial with clinical symptoms of an anaphylactoid reaction [35] blood was taken for plasma histamine assays. From a previous trial [54] 30 incidents were expected and fortunately also found.
(2) To avoid seasonal variations or bias introduced by new drugs or treatment during the study the control group with "no adverse response" was formed by selecting always the next two patients following the last one with an anaphylactoid reaction. It was expected that some of these patients would develop an allergoid reaction (response restricted to the skin) [35] . By that the sample of true non-responders would be reduced to approximately the same size as that of the sample with anaphytactoid reactions. In this aspect the selection was rather successful (Table 2) . (3) Then a second control group was formed with patients "showing only allergoid reactions" to discriminate between anaphylactoid (systemic) and allergoid (cutaneous) reactions to polygeline. For this clinically very important classification a compromise was chosen between maximum information and feasibility selecting two-thirds of patients with allergoid reactions for plasma histamine assays by random allocation with random digits. Selection and randomization procedure could only be realized because plasma was prepared from all 600 patients in the study before polygeline infusion. Plasma of patients which was not used for histamine assays was pooled for quality control samples. Polygeline was infused in 4 batches (Op 3939 and 3946, V-244 and V-265). The 600 patients were assigned to 4 treatment groups (1 batch for one group). This part of the study again was a doubleblind trial. However, no differences were found in the incidence of reactions between the 4 batches [38] .
Reagents for plasma histamine assays were the same as described by Lorenz et al. [27, 32] .
Experimental Design
(1) In volunteers the investigation started with a half-structural interview including questions on case history to identify special risks of anaphylactoid reactions to plasma substitutes [34] , questions on previous exposure to intravenous agents [28, 65, 66] and on clinical signs appearing even before injection of histamine. The clinical symptoms were chosen from previous reports [23, 59, 69] and earlier studies [28, 33, 34] . The volunteer was asked to give his informed consent.
Thereafter in the laying subject leads for the ECG were attached to the extremities and a sphygmomanometer was applied to the right upper arm. Two Braunulae were inserted in this arm, one in the cubital fossa for injection of histamine and one more peripheral for the venous blood collection. A first 20 ml sample was taken to produce plasma for a pool which was used for quality control samples. Five minutes later a second sample was taken to obtain the pre-injection plasma histamine level. Then histamine was administered and blood was taken at 1, 2, 3, 5 and 10 min after its application. During this time the volunteer was asked about and carefully looked for any clinical symptoms. First of all, spontaneous reactions were recorded, then all questions asked before the injection were repeated 3 and 10 min after histamine injection.
Fifteen minutes after histamine injection blood donation (360 ml) was started from the left arm and 1 min later polygeline was infused (500 ml, in about 3 min). Blood samples for plasma histamine were taken 1, 5, 10, 15 and 20 min after the end of infusion and during this time the clinical symptoms were recorded as described before. Thoughout the experiment the heart rate was continuously monitored (lead II in ECG) and the blood pressure was measured every min.
From the questions, observations and responses of the volunteers a questionnaire was developed with indicants for diagnosing a histamine-release response (Appendix 1).
(2) Also inpatients the investigation started with an interview using the questionnaire in a protocol ready for electron data processing [57] . Then pulse rate (by hand) and blood pressure (by sphygmomanometer) were measured and a large arm vein was cannulated by a Braunula No. 1. For plasma histamine assay blood samptes were taken 5 rain later before polygeline (500 ml) was infused in 10-15 min, at the end of the infusion and again 5 min later to get parts of a clearance curve as in the volunteers [39] . At the end of the infusion, 5, 15 and 30 rain later pulse and blood pressure were measured and any clinical symptoms -especially any skin reactions -were systematically looked for even by turning the patient round and inspecting all parts of the body. The protocol was tested for its completeness and any observations to be added were specified. For plasma preparation [27] blood was centrifuged in a Minifuge (Christ, Osterode) in the operation theatre [27] .
Me~o~
Clinical symptoms and reactions were assessed using the questionnaire described in this communication. -Plasma was prepared and plasma histamine concentration was determined according to Lorenz et at. [27] using a sensitive and specific fluorometric-ftuoroenzymatic assay. -In all cases with anaphylactoid reactions histamine was identified by fluorescence spectra, :heating test and spectra after the heating test as described by Lorenz et al. [32] and Parkin et al. [48] . -All assays were performed under quality control using two plasma pools obtained from volunteers and patients to which authentic histamine was added to give "plasma" histamine levels similar to those of an average histamine-release response (about 3 ng/ml).
Statistics and Definitions
For descriptive statistics median, interquartile range, range and incidence ratio were used, for inferential statistics 95% confidence intervals and decision-making matrix [15, 43, 68] . The correlation between plasma histamine levels and increase in heart rate (tachycardia) was analysed by the method of least squares using a Hewlett-Packard computer HP 9815 A.
A crucial question in this study was the definition of the "disease". In the first part of the volunteer study the disease was an anaphylactoid-like reaction to the i.v. injection of histamine, in the second part of this study and in the clinical trial the disease was a true anaphylactoid or allergoid (cutaneous anaphylactoid) reaction to polygetine. The similarity of the two "diseases" in terms of diagnosis was one of the most important questions of this article.
Thus anaphylactoid and allergoid reactions have to be defined No refers to the number of a single person in the sequence of the experiments. Since in one of the subjects only the first sample after histamine injection was lost, but all other values corresponded to those of the type-(a)-elimination curve this subject was not excluded in the figure. For further conditions see Materials and Methods anaphylactoid reaction will be replaced by systemic histamine-release response. In terms of taxonomy of diseases the systemic histan-tine-release response is a special case of an anaphylactoid reaction which in its turn is a special case of a pseudo-allergic reaction [12, 22, 391 . Another crucial question in this study was the defintion of a pathological plasma histamine level as indicant for an anaphylactoid reaction. (1) It is defined as top level obtained by measuring several values in a Bateman function. (2) It is defined as positive or pathological if it is higher than 1 ng/ml which is the upper 2 SD limit of the "normal range". Considering well the criticism of this concept [18] it is emphasized that since 1975 the normal range of plasma histamine values has been always 0--1 ng/ml in studies with 120 [33] and 40 [37] volunteers and in 50 [39] and 299 [55] patients of both sexes and 5 classes of age using our fluorometric-fluoroenzymatic assay [27, 39] .
Results
Plasma Histamine Levels and Clinical Signs in Volunteers Following Administration of Exogenous Histamine
Histamine elimination curves showed 3 typical patterns ( Fig. 2) : A "normal" type in 80% of the subjects showed first-order kinetics, but in 20% a "delayed" type or a "redistribution" type was found, probably due to difficulties with the bolus injection. Such "failures"occur also in clinical routine [39] . For assessing the incidence ratio, however, the pathological plasma histamine values the one subject in whom the first plasma was lost and the three with "redistribution" type curves were excluded (Fig. 3, Table 3 ).
From the data in the other 36 volunteers, however, it was evident, that the imitation of an anaphylactoid reaction by injection of histamine was reasonably successful (Fig. 3) . Eighty percent of the plasma histamine levels exceeded 1 ng/ ml and the average concentration was about 1.52 ng/ml, similar to that found in histamine-release responses to anaesthetics and plasma substitutes [10, 34] . In 2 subjects plasma histamine levels of about 4 ng/ml were measured, accompanied by considerable tachycardia. In 8 subjects increases of plasma histamine levels could be determined, but were rather small and did not exceed the normal range. The variation in plasma histamine levels following the same Each symptom was recorded only once in a single volunteer, n 1 = number of subjects showing the symptom provided histamine was given, nz =number of subjects having the "anaphylactoid" reaction. All volunteers responded and fulfilled the conditions of the definition (see Materials and Methods). No treatment, however, was necessary in any of them (cf , Tables 4 and 5) 901 dose of histamine was about 10-fold -a finding with some clinical relevance. The increases in plasma histamine concentration following histamine injection were not normally distributed (cf. [30] ) and were not correlated to the basal plasma histamine levels. All these findings indicated a more complex situation for histamine elimination than the rather simple clearance curves (Fig. 3) had suggested. At least excretion by the kindey and gastro-intestinal tract, up-take into several tissues and a rapid metabolism were identified hitherto as components in elimination [39] . The incidence ratio of pathological plasma histamine levels and clinical signs of an "anaphylactoid" reaction varied considerably from indicant to indicant (Table 3) . Although histamine was actually given to all volunteers and all of them showed clinical signs of a systemic response plasma histamine levels exceeding 1 ng/ml were found only in 80% of them. The clinical sign with the highest incidence was tachycardia, followed by sensation of an unusual (" metallic") taste, flush, congestion of head, "wet eyes", headache and hypertension(!). [39] ) and because local histamine release in a vital organ such as the heart may not lead to cutaneous and respiratory symptoms, but only to misinterpreted "unspecific" heart symptoms [25, 26a] A logical consequence of these conclusions was the question of which symptoms appeared at which plasma histamine concentrations. In the volunteer study there was no clear trend to establish such a relationship (Fig. 4) 
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Plasma Histamine Levels and Clinical Signs in Volunteers Following Infusion of Polygeline
Of 40 volunteers receiving all the full dose of polygeline 12 responded with an anaphylacoid reaction. They showed plasma histamine values of 0.3 (0-1.0) ng/ml (i and range) before and 1.9 (0.7-4.2)ng/ml after polygeline infusion. One subject fulfilled the criteria of an anaphylactoid reaction, but his plasma histamine levels increased only from 0 to 0.7 ng/ml and remained within the normal range. Since otherwise the data on plasma histamine were very similar to those obtained whith histamine injection a more extended presentation in this chapter is omitted.
To illustrate, however, the relations between plasma histamine levels, heart rate and blood pressure the 3 most impressive reactions in volunteers were shown in Fig. 5 . In subject No 6 instead of tachycardia bradycardia was observed which was the only case in the series and hitherto had been found only in very rare cases of histamine release. The more long-lasting elevation of plasma histamine levels in histamine-release responses than after histamine injection was remarkable, but could easily be explained in terms of pharmacokinetics by a longer invasion time. Finally, in none of the 3 volunteers hypotensive reactions occurred, but only slight hypertensive responses. The incidence ratio of pathological plasma histamine levels and clinical signs of an anaphylactoid reaction varied again from indicant to indicant (Table 4) . Tachycardia was again the most frequent clinical symptom of an anaphylactoid reaction. Hypertension, but not hypotension was observed at these plasma histamine levels. Once recognized as a typical histamine effect (Table 3 ) the "metallic" taste was also reported by the volunteers, headache, wet eyes or tears were also observed in about half of the subjects. Treatment was necessary in two of the volunteers (No. 21 and 33 in Fig. 5 ), an indicant which was rather complex and contained all the judgements of the two anaesthesiologists in the team. However, no emergency treatment was necessary in any of the volunteers. Several remarkable differences, however, were observed between histamine injection and histamine release by potygeline despite the finding that the average plasma histamine Each symptom was recorded only once in a single patient n 1 = number of patients with the particular indicant n2 = number of patients with allergoid reaction No tachycardia, no change in blood pressure was observed in any of the subjects following polygeline infusion 903 levels were quite similar in these two conditions. Flush and erythema were rather rare. Hives (wheals) were more frequent, but had to be searched for by very careful inspection of the whole body. Sneezing, narrowness of the throat and cough were the most common respiratory symptoms, but could not be imitated by histamine injection (Table 3 ). In the volunteer study 11 subjects showed an allergoid reaction and 17 individuals were non-responders. Pathological plasma histamine levels exceeding I ng/ml were observed in none of them (Table 5 ). Wheals and papules were the only indicants with an incidence ratio of more than 50% in volunteers with allergoid reactions.
Plasma Histamine Levels and Clinical Signs in Orthopedic Patients Following hfusion of PolygeIine
An anaphylactoid reaction was observed in 30 patients corresponding to 5% in the whole trial of 600 subjects. 3 of them were life-threatening (Fig. 6 ) corresponding to 0.5%. Reactions of such a severity had never been elicited in volunteers [34] [35] [36] . In 26 of the patients plasma histamine levels of more than I ng/ml were determined (Fig. 7) , 4 of them were test-negative. The average plasma histamine level was 2.4 ng/ml which compares well with the 1.9 ng/ml in (~20 ng/ ml), however, was greater than in volunteers after injection of histamine or infusion of polygeline. The pathological plasma histamine levels were not normally distributed and were not correlated to the basal plasma histamine levels (Fig. 7) . Thus by measuring basal plasma histamine concentrations before infusion responders and non-responders to polygeline could not be predicted.
The incidence ratio of pathological plasma histamine levels and clinical signs of an anaphylactoid reaction varied from indicant to indicant as it was found in volunteers (Table 6 ). Tachycardia was again the most frequent symptom, erythema, wheals and cough had a high, flush only a medium and hypotension, nausea and outbreak of sweat a low incidence. It should be emphasized that hypotension as a clm;~icat histamine reaction is of very minor importance in diagnosing an average histamine-release response. Each symptom was recorded only once in a single patient, nl = number of subjects showing the symptom, n2 = number of subjects showing the anaphylactoid reaction Agreement in the incidence ratio of indicants between the 3 investigated conditions was very satisfactory for some of the symptoms, such as pathological plasma histamine level, tachycardia, flush, hypotension, nausea, and outbreak of sweat (Table 3 , 4 and 6). More interesting however, were the many disagreements. We should not underestimate the series with histamine injection as a rather artificial condition since histamine release may not always occur in the skin, but also selectively in the liver, the gut, the lungs or in other tissues with large histamine stores, and histamine may enter the circulation just in the way of a protracted histamine injection. The different incidences of symptoms between histamine injection (Table 3 ) and histamine-release (Tables 4 and 6) include those of wheals, facial oedema and rather all respiratory symptoms. All these symptoms can be explained by very high local concentrations of free histamine due to mast celt degranulation within the effector tissue and could therefore not be imitated by a systemic histamine injection.
Other differences, however, in the incidence ratio of symptoms pointed to a considerable observer variation despite the effort made to diminish it (see Methods). "Metallic taste" was a frequent symptom in volunteers, but absent in patients. Retrolective assessment revealed that the question had been asked in patients as "irritation of taste". By this type of a question it was probably missed. Headache and "wet eyes" or tears were not asked about or looked for in patients at all in the operation theatre. Observer variation was by no means unique to the present study, but is well known to occur in general in clinical trials [8, 16, 431 .
Since some higher plasma histamine levels were observed in patients than in volunteers more serious symptoms, such as respiratory distress and bronchospasm, hypotension, vomitting and abdominal cramps and the necessity for emergency treatment were observed (Fig. 8) . Thus these severe adverse responses to polygeline could be used to define life-threatening histamine release response. In addition, a significant correlation was detected between the increase in pulse rate and the increase in plasma histamine levels (Fig. 9.) . This correlation was slightly higher when absolute plasma histamine levels were encountered then when increases in plasma histamine concentrations were used. Thus tachycardia was not only the symptom with the highest incidence ratio, but also the parameter which best was correlated with the plasma histamine levels.
As in volunteers also in patients for diagnosing an allergoid reaction only wheals and papules showed a high incidence ratio (Table 5) . Pathological plasma histamine levels were measured only in two of the subjects. In all other cases the plasma histamine concentration remained within the normal range and did not differ significantly from the pre-infusion levels (Fig. 10 ). They were similar in patients with single or in those with many wheals, in patients with hives in one body region or in more than one. In particular, they were not significantly different from those in patients without any detectable reaction.
Decision-making Matrix for Diagnosing an Anaphylactoid Reaction to Polygeline by Pathological Plasma Histamine Levels
The previous parts of Results were concentrated on the incidence ratios of pathological plasma histamine levels and clinical signs in anaphylactoid reactions to histamine and polygeline. One of these indicants to be used for diagnosing an anaphylactoid reaction was analysed in a decision-making matrix for sensitivity, specificity and efficiency: the plasma histamine level (Fig. 11) .
As expected for this case with a predominant histamine releaser, the plasma histamine assay was a highly efficient test for diagnosing a systemic anaphylactoid reaction. Many other "potent" diagnostic tools such as endoscopy and X-rays in peptic ulcer or measurement of plasma catecholamines in pheochromocytoma do not achieve more satisfactory results.
Discussion
The main aim of this study was to establish the diagnosis of a histamine-release response to an individual drug in an individual patient. One of the strategies for solving this problem is conducted in two steps: (1) Subjects with the disease and without the disease were selected by previously accepted criteria and indicants (case history data, clinical signs, laboratory tests etc) were collected by which these groups of subjects could be best discriminated. (2) Incidence ratios and conditional probabilities (e. g. sensitivity, specificity) for these indicants were calculated [43] and those :: :.
• re~a'~n-" ge~;-N~ I~a~:)n" ized symptoms Fig, 11 . Diagnostic decision-making matrix for plasma histamine level (test result) and systemic anaphylactoid reaction (disease stares). Two possibilities are shown for diagnosing a systemic anaphylactoid reaction (SAR): One in contrast to non-response and one in contrast to cutaneous response which is also a non-response as far as a systemic response is concerned. PIlL = plasma histamine level. For further information see [43, 68] which are the most satisfactory predictors [15] were chosen for defining and classifying the disease [43, 71] . The definition of the disease "histamine-release response" is based on symptoms and tests (accessible characteristics of the disease according to Wulff [71] , but it is also causally defined. This is one of the main advantages of this disease definition compared to the term "anaphylactoid reaction" which by far is more a syndrome [12] than a causally defined disease. Values taken from Tables 3, 4 and 6. Tachycardia=increase in heart and pulse rate/min resp. by more than 5 beats/min. Changes in blood pressure=increase or decrease by more than 10mmHg (systolic)
The indicants with the highest incidence ratio in the 3 conditions investigated were compiled in Table 7 . Despite observer vatiation and different techniques for elevating the plasma histamine concentration there were marked similarities in the incidence ratio of several predictors: Tachycardia and plasma histamine levels > 1 ng/ml showed a very high incidence. Single wheals or a few of them and spots of erythema which have to be meticulously looked for (Fig. 10) occurred frequently following histamine release by polygeline (see also [35, 55] ) and "narrowness of throat" and "cough" were frequent symptoms in either the one or the other group of subjects which probably have the same pathological substrate: histamine release and oedema in the laryngeal region. Other symptoms showed a variable incidence ratio in between the studies such as hypertension, "wet eyes" and tears, and headache, but this negative finding very probably can be changed by reducing observer variation [t 6]. Finally clinical symptoms originating from nasal mucosa, such as sneezing, stoffy nose, nasal catarrh etc. occur in about one-third of the cases and should probably included in the definition of a systemic anaphylactoid reaction.
Following the course of discussion it is now necessary to define an average histamine-release response in a more extended manner than in the section of Statistics and Definitions. In part, the term "average" has a statistical meaning indicating the most frequent grade of severity of an anaphylactoid reaction observed in clinical conditions. In part, the term is a judgement since it does not include cutaneous anaphylactoid reactions which by far are more frequent than systemic reactions. Thus an average histaminerelease response is always a systemic histamine-release response and as such a special case of an anaphylactoid reaction [12, 22, 39] . It is restricted to a syndrome in which histamine is the predominant mediator. For this reason in man the anaphylactoid reaction elicited by dextran and probably also by some other plasma substitutes [52] is not a histamine-release response, but may be an SRS-A or kinin-formation response. These examples should demonstrate that controlled clinical trials in combination with methods of medical decision making may help to find the specific "quantitative spectrum" of signs, symptoms and biological reactions elicted by other mediators involved in anaphylactic and pseudo-allergic reactions. Serotonin, kinins, leukotrienes, prostaglandins all cause similar symptoms in man, but who ever knows whether these symptoms occur with the same incidence or have the same conditional probabilities as in a systemic histamine-release response? Thus medical-decision making may help to differentiate adverse drug reactions and constitute a new approach to their more successful prophylaxis and treatment.
Using the indicants in Table 7 an average histaminerelease response is a systemic anaphylactoid reaction which is characterized by clinical signs, such as tachycardia and mild hypertension, scattered hives such as spots of erythema and wheals, respiratory symptoms in the laryngeal and nasal region such as cough, narrowness in the throat, tuffy nose and sneezing and pathological plasma histamine levels (> 1 ng/ml).
The classical symptoms of an "anaphylactic" reaction [3, 6t] , such as hypotension, bronchospasm, and extended reactions in the skin with erythema or wheals covering large areas of the body are found only in 10% of systemic histamine-release responses. However, they are of great clinical importance for the life of patients and must not be underestimated by the new definition of an average histamine-release response. Also cutaneous reactions are not negligible events since they can indicate severe incidents in a second exposure to the drug [66] and may be associated with pathological processes such as platelet aggregation [69] or coagulation disturbances [6•] which hitherto have never been studied in volunteers or in patients. For these reasons a classification of histamine-release responses by severity is necessary ( Table 8) . The limit for a plasma histamine level between a systemic and a lifethreatening reaction was taken from the 3 severe incidents in the polygeline trial in patients. This classification, however, is supported by plasma histamine values obtained in life-threatening reactions to anaesthetic agents [28] . Cutaneous histamine-release responses in general can be more accurately diagnosed by measuring histamine content in the blister fluid [21] if wheals occur in an individual patient, but this has not yet been worked out systematically. For polygeline, however, also cutaneous anaphylactoid reactions can be denoted as cutaneous histamine-release responses since by H1-and H2-receptor antagonists it has been shown that histamine was the predominant mediator also in these kind of reactions [35, 55] .
The definition of a histamine-release response by plasma histamine levels implicates a time problem. The velocity of plasma histamine increment shortly after drug application is explosive and the subsequent elimination is very fast, especially in cases with plasma histamine levels not higher than 5 ng/ml. Thus a histamine-release response can be defined quite easily [36, 39] , but diagnosed reliably in an individual patient only if the blood samples were taken near or at the time of maximum response. It has been shown that the severity of the most striking symptoms, especially those in the circulatory system, run parallel to the kinetics of the plasma histamine levels [28, 34] .
Adverse reactions which mimic the symptoms of anaphylaxis were denoted as anaphylactoid or as pseudo-allergic reactions [12, 22, 39, 64] . Since histamine in experimental animals [17, 47, 53, 70] and in human subjects under certain circumstances elicits the 3 classical symptoms of anaphylaxis it was thought that histamine-release response should be diagnosed and defined by these symptoms or by some less severe variations of these symptoms. However, this communication illustrates by one intensely studied example with one clinically used histamine releaser (experiments in animals and human subjects for more than /0 years [29-32, 34, 39, 40, 44, 54] that the classical symptoms of anaphylaxis are rare in histamine-release responses in general and only more common ("classical") in grade III reactions. Increasing experience, however, in animals [6, 25, 42, 49, 50, 60] and in man [61] is forming the suggestion that even this may not be true: Clinical pictures of severe heart attack or arrhythmias may be caused by histaminerelease responses which clearly have to be classified as grade III reactions.
Thus the highly controversial discussions about the incidences of adverse reactions to drugs which release histamine in man (for a survey see [2, 7, 11, 14, 39, 40, 52, 65, 67] can probably procede to a considerable agreement if techniques of controlled trials [19] were combined with decision-making procedures to solve this problem. It is a classical task of medical-decision making to "use the diagnostic information to revise probabilities [68] or in other words to revise the figures for the incidences of adverse drug reactions. interview), past = more than 9 months ago. Only in a few exceptions a more exact denotion of time was considered necessary (e. g. anaesthetics, operations and trauma). In clinical findings sometimes more than one time had to be recorded for disappearance of a clinical symptom for reasons of accuracy. In this case the last number is the time finally accepted. "Coughing" has to be differentiated from "clearing one's throat" because otherwise the incidence of false-positive systemic responses is actually doubled or in the case of plasma substitutes tripled (short-term overload of the tung with fluid?). "Acceleration" or "slowing down" refers to the speed of infusion 
